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Introduction
In contrast to the experience in the United States, estimated rates of return for human capital have shown to be relatively constant over time in West Germany (Fitzenberger and Franz, 1998; Lauer and Steiner, 2000; Steiner and Wagner, 1998a) . However, the relative stability of educational premia over time could disguise a much larger change over cohorts. While the first studies which quantified cohort effects in educational premia in the U.S. appeared some twenty years ago, to date there has been only little research on cohort effects in the returns to education in Germany, 1 although there are strong a priori reasons why they might be present. First, the number of births changed dramatically over the post-war period, with a peak of the baby-boom around 1965 and a steep subsequent decline in fertility. Second, enrolment in higher education rose to levels previously unknown during the decades after 1945. Third, female labour force participation increased widely. For example, among women in their thirties it almost doubled between 1970 and 1995 to about 75 per cent. A factor that could limit the extent of cohort effects on wages, however, could be the relatively centralised German system of wage determination. If wages are not allowed to vary over age groups, cohort effects should mainly show up in unemployment figures.
In this paper, we concentrate on the question whether cohort effects in the returns to education can be observed. Our answer is that there are, indeed, significant changes over cohorts, but they are much more marked for women than for men. In the private sector, women born in the 1960s suffer a decline in the returns of three percentage points compared to women born in the 1940s. This development is part of a secular decline affecting all cohorts which we observe, i.e. individuals born between 1925 and 1975 . For men, we observe a weak but significant decline between individuals born in the early 1950s and the mid-1960s.
In the following section, we give a brief account of the literature. We distinguish several reasons for cohort effects. We also discuss the empirical evidence available thus far. The third section introduces the dataset and discusses problems of estimation. The results are discussed in section four. Section five concludes.
1 Some indirect evidence is contained in Fitzenberger et al. (1995) . Lauer and Steiner (2000) present results similar to those discussed in this paper.
Cohort effects in educational premia: theory and empirical evidence
Put very broadly, there will be cohort effects if older and younger workers are imperfect substitutes in production. In that case, the relative scarcity within each birth cohort will result in different wage levels. If the relative scarcity varies not only between birth cohorts but also across educational groups within each cohort, there will be differences not only in wage levels but also in the wage premia paid for post-compulsory education.
Why should the relative scarcity of workers with different education change over cohorts? A first reason may be that there are exogenous shifts in educational attainment between cohorts. If more workers receive higher education, the relative scarcity of college-or university-educated workers falls, and so should the wage premium paid to them.
Apart from the proportions of workers choosing certain educational levels, the overall number of workers may matter, too. Thus an exogenous decline in the number of workers -due to changes in fertility, wars or epidemics -may lead to a change in the relative rewards of different skill groups. There are two reasons for this. First, the own-price elasticities of demand may differ across skill groups. One would assume that they are lower for high-skilled workers because these workers can less easily be substituted against capital; indeed, empirical findings for Germany support this hypothesis (Falk and Koebel, 1998; Steiner and Wagner, 1998b) . If a smaller cohort enters the labour market (and substitution between educational groups is limited), wages will be driven up in the market for qualified workers more than in other labour market segments. Second, the elasticity of substitution between younger and older workers may differ across qualification levels. If it is higher at low education levels, the effect of a demographic change will be subdued for these workers and more pronounced among highly skilled workers. Indeed, substitution elasticities typically show this pattern in empirical studies (Stapleton and Young, 1988, section II) .
How large these effects are depends on the precise form of the production function. Consider the effect of technological change. Following the adoption of new technology, firms may depend on the services of young workers who have received their education (e.g., computer literacy skills) relatively recently. Thus labour demand for young, well-educated workers becomes very inelastic with respect to their relative wages, while demand elasticities for young workers with little edu-cation are unaffected (or even decline if the technological change also entails easier substitution of unskilled labour by capital). The faster technological change is, the lower is the substitution elasticity among younger and older skilled workers and the larger are changes in the returns to education over cohorts.
Still another source of cohort effects may be downward rigidity of incumbents' wages, caused, for instance, by "social norms". If young workers with high levels of education enter the labour market in large numbers, one would expect wages of older highly skilled workers to decline. However, older workers will have become accustomed to a certain wage level, and a reduction below the previous level may, by an efficiency wages argument, lead to less effort by these workers. In that case, employers may be unwilling to adjust incumbents' wages, thus concentrating the effect of the supply change on new entrants.
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In all our arguments so far, we have assumed that the number of workers in each age-education category is determined by exogenous factors (such as demography). In reality, individuals make choices on education and labour force participation, a problem which will be discussed below.
There are a number of empirical studies on cohort effects in educational premia, starting with Welch's (1979) investigation into the wage implications of the US baby boom of the 1950s. Welch concentrated on cohort size as a determinant of wages. His estimations of separate wage functions by educational levels imply that wages of college graduates suffered more than others from the expansion of supply caused by the baby boom's entry into the labour market. Freeman (1979) decomposed weekly earnings into age and education components. He found that between 1969 and 1976, the difference between wages of younger and older workers grew significantly (implying a steeper wage-age profile), and that this increase was particularly significant for higher education groups. Freeman attributes this change to the baby boom. From this finding, however, an unambiguous conclusion to the returns to education cannot be drawn, since wages might have gone up for college graduates at all ages during this period.
Of course, the pay differential between old and young workers would imply that older workers are paid above their productivity, while younger workers are paid below. Employers would then try to sack older and hire younger workers, creating unemployment among the first. This may explain why, in the empirical results reported by Zimmermann (1991) , an increase in the size of young cohorts has a stronger impact on unemployment among older than among younger workers. At the same time, however, older workers are usually better protected against redundancy than younger workers.
Recent analyses of education, age and cohort effects on wages have mostly used Mincer's (1974) approach. This procedure yields coefficients for on-the-job experience and the number of years spent in education, with the latter having (under certain assumptions) a structural interpretation as the implied rates of return for an additional year of schooling. Several authors have included cohort variables into the Mincer equation. For instance, Berger (1985) and recently Macunovich (1999) have entered cohort size as an additional explanatory variable. The latter study also tries to separately identify demand and supply effects of demographic change.
In contrast to studies which use cohort size as an independent variable, our focus is not exclusively on demographics because this is certainly not the only cohort-specific impact on wages. Other characteristics pertaining to particular cohorts, such as skills in particular technologies, may also be of importance. Using only size as a cohort-specific explanatory variable may lead to biased estimates if the variables left out from the estimation are correlated with cohort size. Therefore, we estimate Mincer equations with cohorts (consisting of adjacent birth years) entering as dummy variables, both directly on wages as well as in interaction with education.
This approach has been taken in a number of other studies. For German data, Fitzenberger et al. (1995) investigate whether the same age-earnings profiles can be observed across cohorts once macroeconomic time effects are accounted for. In one of their estimations, they look at wages as a function of age, distinguishing between (a) two different birth groups (being five years apart from each other), and (b) four educational categories. Their finding is that there has been, between 1978 and 1983, a reduction in the entry-level wages for workers with completed apprenticeship and/or Abitur (A-levels), while there is no such effect for workers without these qualifications. This points to a decline in educational premia. They do not find a similar effect for university-educated workers, but this may be due to their data source: since they use data from social security files, in which income is recorded only up to an upper threshold, their results for highly educated workers suffer from a severe problem of right-censoring.
Apart from the identification of cohort effects, there is an abundance of empirical studies using the Mincer equation approach which are geared towards other problems. A large strand of the literature concentrates on the potential endogeneity of schooling, as well as on measurement error in this variable. Little consensus seems to have emerged regarding the best way to proceed. For example, family background variables (in particular, parents' education) are often used to instru-ment schooling. 3 However, this may even further bias upwards the estimated returns (Card, 1999) .
From an institutional point of view, the distinction between returns to education in private and in public employment is also very interesting. In many countries, wage structures in the public sector appear to be more compressed, thus diminishing the returns which can be achieved. This may, of course, lead to systematic selection of individuals into the two sectors. Dustmann and van Soest (1998) provide a systematic empirical treatment of this kind of endogeneity, as well as endogeneity in schooling, hours worked and years of work experience.
In our paper, we do differentiate between sectors but neglect the endogeneity problem. The results should thus be seen as a first empirical assessment of cohort effects, while leaving the endogeneity issue to further research. There seems to be no a priori expectation, however, in which direction our estimates for the cohort effects should be biased in the presence of endogeneity problems.
Methodology and Data
Our basic specification is 1997 1984
where w stands for wages, X is work experience in years, S is years spent in education, and D is a dummy variable which takes the value one if the individual observed is a member of birth cohort k (defined on a number of years) and zero otherwise. As the subscripts indicate, equation (1) is estimated on an unbalanced panel of individuals i observed over a number of years t.
Our data base is the German Socio-Economic Panel (GSOEP). We use all 14 waves (from 1984 to 1997) currently available but confine ourselves to men and 3 Using the same data source as in this paper, Lauer and Steiner (2000) instrument years of schooling by variables such as father's education, parents' employment status, etc. This procedure has only minor effects on the estimated returns to schooling.
(1) women living in West Germany. In order to have cohorts with a sufficient number of observations, our estimations are restricted to individuals born between 1925 and 1974. Several groups of people are excluded from the dataset: this concerns students, military personnel, pensioners, and civil servants ("Beamte"). In some of the estimations, we exclude all public employees from the sample. We estimate separate wage equations for men and women. Only employees with German nationality are represented in the sample used here.
The dependent variable is net nominal earnings per hour worked. The hours measure includes paid overtime. Among the independent variables, we use two different concepts to measure education. The first is the number of years spent in education. The other is the highest degree reached in education. We distinguish seven broad education/qualification categories: (1) secondary schooling without apprenticeship, (2) secondary schooling and completed apprenticeship, (3) master craftsman, (4) Abitur (A-levels), (5) Abitur and completed apprenticeship, (6) polytechnic degree, (7) university degree.
Experience is a crucial variable in our estimations. Rather than using potential experience, which is typically defined as age minus years of schooling minus six years, we construct a variable for actual labour market experience from retrospective data contained in the GSOEP. Individuals are asked about past spells in fulltime or part-time employment since the age of 15. The durations of these spells can then be added to obtain measures for total length of experience. The decisive assumption that we make is that spells out of employment (e.g., due to child raising or unemployment) do not contribute towards the accumulation of human capital rewarded by the labour market, and hence to higher wages. In the German case, this assumption is more problematic for the public than for the private sector because public employees' salaries rise automatically with age.
We also differentiate between full-time and part-time experience because these may affect productivity and wages differently. However, since the number of men in part-time employment is very small, we use variables measuring part-time experience only in the estimations for women.
The experience variable is important because the identification of year, cohort and experience effects hinges on it. Suppose we measured experience as potential experience, e.g. the number of years beyond age 15 minus the years of postcompulsory education. If, in addition, we included dummy variables for each birth year and the current year in our estimations, there would be a linear dependency because birth year plus 15 years plus years of post-compulsory schooling plus years of potential experience always equals the current year. 4 By contrast, our experience coefficients are identified (a) because actual experience differs from potential experience, and (b) because our cohort measures are dummy variables for a number of birth years (five or ten), such that there is variation in the length of experience within each cohort thus defined.
The Mincer equation implicitly assumes that the returns to education are constant throughout the working life. One may object to this assumption because it takes time to realise the full impact of education on productivity (and thus on wages). Put loosely, education and experience may be complements. Moreover, in the presence of seniority wages a young worker is not compensated according to the full productivity effect of his or her education; instead, wages are held back until later ages. Hence, the returns to education may increase with experience. On the other hand, the effect of initial education on productivity will typically decline at long levels of experience because knowledge depreciates. These effects may bias our estimations of cohort effects because the younger cohorts are observed at earlier ages when they do not reap the full benefits from their educational attainment. Similarly, an observed increase in wages for men over the pre-war cohorts could be due to the greater impact of schooling on productivity for the middle-aged than for older workers.
To correct for this possible distortion, we estimate an alternative specification to equation (1) which includes an interaction between (full time-) experience and education:
The interaction is allowed to be non-monotonic to take into account both seniority wages and knowledge depreciation. While educational premia are now allowed to vary parametrically both over cohorts and over the life cycle, we are implicitly assuming that the shape of the interaction stays constant over cohorts. A drawback of using interactions is that the schooling coefficient does not any longer have a structural interpretation as the returns to education, as in the original Mincer equation (1).
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Apart from schooling and experience, there are two other variables that control for human capital accumulation on the job. The first is tenure, the number of years an individual stayed with his or her current employer. The other is the number of months spent in full-time or part-time employment during the current year to control for the continuity of employment during the observation period. We also control for a number of other factors, like the region (German Laender, i.e. federal states), regional unemployment rates, industry, and firm size. Year dummies are also included to control for macroeconomic effects on individual wages.
Results
Estimation results for specification (1) are displayed in the left columns of tables 1(a) and 1(b). The coefficients for the cohort dummies are given in the upper part of the table, followed by the number of years spent in education and cohorteducation interactions (Schooling 30-34, etc.). The birth years 1925 to 1929 form the base category for the cohort variables. Employment status is the number of months spent in full-time or part-time employment during the current year, as just defined.
Since there are interactions, the cohort effects on wages and the returns to education cannot be inferred from a single coefficient alone but must be calculated from the estimated parameters.
6 Figure 1 presents the returns to education by birth cohorts for both men and women. We observe a decline over cohorts in women's returns to education which is monotonic apart from a spike for the 1940-44 cohort.
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Another decomposition of the education coefficient in a Mincer equation could be made by using quantile regression techniques as in Hartog et a. (1999) . The same is true for the standard errors. In the graphs, standard errors are calculated using the delta method. Suppose the total effect of education on wages is
, where the α are parameters and X is some independent variable. The variance of the total effect is
and V the covariance matrix of the estimated parameters α 1 and α 2 . 1925-29 1930-34 1935-39 1940-44 1945-49 1950-54 1955-59 1960-64 1965-69 1970-74 years of birth -29 1930-34 1935-39 1940-44 1945-49 1950-54 1955-59 1960-64 1965-69 1970-74 years of birth returns 95% confidence band
By contrast, the returns to education for men increase slightly up to the 1940-44 cohort and decline afterwards. Among the cohorts born after the Second World War, there is no difference in the returns to education between men and women. Overall, the decrease in the returns for later cohorts appears to be quite dramatic.
Our first robustness check concerns the size of the education premium over the life cycle. Results from the estimation of (1') are given in the second column of table 1 and in figure 2. In order to obtain a similar cohort average over the returns to education as in figure 1, we fix experience at 15 years of full-time employment. In interpreting the graph, it has to be kept in mind that this inevitably produces outof sample predictions. For example, since the last year of the observation period is 1997, there are no individuals with 15 years of work experience in the 1970-74 cohort. Hence, the absolute magnitudes of the returns to education should not be interpreted for cohorts which have, on average, much more or much less labour market experience in the observation period. The purpose of the figure is to show the difference in the returns to education across cohorts, not their level.
We observe that allowing the educational premia to vary over the working life takes out some of the decline found in the results for specification (1). In particular, the difference in schooling premia between the youngest cohort (1970-74) and the cohort born 20 years earlier now amounts to roughly three per cent for men, as compared to the five per cent found earlier. A similar change can be observed for women. Overall, there is still a clear negative trend over birth years in the returns to education for women. Concerning men, however, the decline is confined to the two youngest birth cohorts. Using an F-test, we find that the interaction between schooling and experience is statistically significant, and we will therefore continue to work with specification (1') instead of (1).
The results from (1') can also be displayed with respect to the cohort effects in wage levels. Figure 3 shows cohort wage differentials (the differences in log wages) for different durations spent in education (nine years for a worker without apprenticeship; twelve years for a person who has finished apprenticeship; and 18 years for a university graduate). To a certain extent, this picture is just another way of showing the results seen from the previous graph. On average, wages for younger cohorts are lower than for older cohorts. For women, this decline is the larger the longer an individual stayed in education. Indeed, at a very low level of education, female individuals from younger cohorts actually earn more than women born earlier. For men, the three curves are not that clearly ordered. Up to the 1960-64 cohort, the negative cohort effects are greater for individuals with shorter pe- 1925-29 1930-34 1935-39 1940-44 1945-49 1950-54 1955-59 1960-64 1965-69 1970-74 years of birth 1925-29 1930-34 1935-39 1940-44 1945-49 1950-54 1955-59 1960-64 1965-69 1970-74 birth years 1925-29 1930-34 1935-39 1940-44 1945-49 1950-54 1955-59 1960-64 1965-69 1970-74 birth years 9 years of schooling 12 years of schooling 18 years of schooling periods of education; only for the youngest two cohorts is the pattern similar to the cohort effects for women. In specification (1'), we have accounted for experience effects in the returns to education, but we clearly could not account for age effects because of the linear dependency between cohorts, calendar year and age. If, apart from the experience effect, there is also an effect of age on educational premia, this effect is entirely interpreted as a cohort effect in our results. This seems to be a problem mainly in the public sector. In Germany, the salaries of public employees are raised according to age every two years, independently of the work history of the individual. For the public sector, therefore, pure cohort effects are not properly identified. One would also believe that pure cohort effects are more pronounced in the private than in the public sector because wage determination in the public sector is more rigid. Since there are fixed pay scales, the only remaining instrument to adjust wages in the public sector is to grade individuals of different cohorts into different pay categories.
We account for these problems by estimating specification (1') on the basis of a subsample of private employees only. The results, displayed in table 2 and figure 4, show that there remains a significant decline in educational returns for women. However, the youngest cohort now still earns returns to education of about seven percent, compared to the five percent found earlier. This means that the decline in the returns ceases to be significant at the five per cent level for men, but it is still very marked for women.
Another way, apart from using interaction terms between years of schooling and labour market experience, of checking whether the estimated cohort effects in the returns to education are due to misspecification of the experience (or age) part of the equation is to estimate the returns to education for different cohorts observed at the same age. We thus compare wages of an early cohort observed at an early year to those of a subsequent cohort observed a corresponding number of years later. In order to obtain a larger set of observations, we slightly change the definition of birth cohorts to include individuals born within an interval of seven years. Since there are, by construction, no age effects in the differences between the two cohorts, we do not have to distinguish between public and private sector wages.
In a first step, we compare individuals born in the years 1962 to 1968 with the cohort born 13 years earlier, i.e. the 1949-55 cohort. The distance in time between the two cohorts is chosen because the first and the last obtainable waves of the GSOEP are just 13 years apart. The earlier cohort is observed in 1984, the second 1925-29 1930-34 1935-39 1940-44 1945-49 1950-54 1955-59 1960-64 1965-69 1970-74 birth years 1925-29 1930-34 1935-39 1940-44 1945-49 1950-54 1955-59 1960-64 1965-69 1970-74 birth years returns 95% confidence band cohort in 1997. This means that in both cohorts, the individuals included in the sample are between 29 and 35 years of age, i.e. they are individuals a couple of years into their careers. We make a similar comparison for cohorts born 20 years earlier, i.e. between individuals in the 1942-48 and the 1929-35 cohorts who are between 49 and 55 years of age in 1984 and 1997, respectively. There does remain an untestable identifying assumption in these estimations. We attribute all of the difference in the returns to education between the two subsamples to the cohort effects, while they may also be produced by year effects, since both sub-groups are observed at different calendar years. This identifying assumption does not strike us as overly restrictive, however, because macroeconomic conditions did not differ much between the two years.
Estimation results in table 3 confirm our findings for the 29 to 35 year olds: the cohort-schooling interaction is significant at the one percent level for men, although it is only significant at the ten percent level for women. For men, the estimated returns are 8.25 per cent for the 1949-55 cohort, and 5.88 per cent for the 1962-68 period; for women, the estimations yield rates of return of 6.68 and 4.29, respectively. This order of magnitude is in-between of the one estimated on the whole sample in specifications (1) and (1').
Concerning older workers we do not find significant changes in educational premia across cohorts. This was to be expected for men (cf. figure 2), but not for women. The insignificance of the decline for earlier periods probably stems from the fact that the number of women with long post-compulsory education spells is very low in the sample.
Comparing the returns of particular birth cohorts is open to the criticism that the start and end years of the cohorts are chosen arbitrarily. To give a more complete picture, we performed separate estimations for particular cohorts at a particular age for different cohort definitions. As can be seen from figure 4 (a), the decline in the returns for men is significant at the five per cent level for four cohorts, the oldest of which consists of individuals born 1960 to 1966 and the youngest of which contains individuals born from 1963 to 1969. When we turn to female workers, the picture is different in that returns do not recover for cohorts younger than the 1963-69 birth group. However, for only two cohorts are the estimated returns for women outside the 95 percent confidence interval for men. While at first glance the cohort effects appear to be smaller than in other graphs, it has to be stressed that 1945-51 1959-65 vs. 1946-52 1960-66 vs. 1947-53 1961-67 vs. 1948-54 1962-68 vs. 1949-55 1963-69 vs. 1950-56 1964-70 vs. 1951-57 1965-71 vs. 1952-58 1966-72 vs. 1953-61 1967-73 vs. 1954-60 birth cohorts compared 1945-51 1959-65 vs. 1946-52 1960-66 vs. 1947-53 1961-67 vs. 1948-54 1962-68 vs. 1949-55 1963-69 vs. 1950-56 1964-70 vs. 1951-57 1965-71 vs. 1952-58 1966-72 vs. 1953-61 1967-73 vs. 1954-60 birth cohorts compared difference 95% confidence band we are looking at an interval of 13 years only, while figures 1 and 3 show the differences for a much larger set of cohorts.
Finally, we turn to the estimations using educational levels rather than durations. It may be argued that in Germany, due to institutional reasons such as entry requirements to particular occupations, degrees reached are more important for individuals' earnings than years of schooling spent to achieve a given degree. In order to retain reasonable sample sizes at each educational level, we define cohorts as ten-year intervals rather than five-year intervals as before. Again, we allow for the interaction between the highest educational degree, on one hand, and labour market experience and its square, on the other. Table 4 gives the estimated coefficients while figure 6 displays the effects of education on wages for the most relevant of the educational categories. As in figure 2, experience is fixed at 15 years in the graphs.
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For the same reason as before, the level of the returns to education should not be interpreted for cohorts observed at ages where 15 years of labour market exerience are uncommon.
In absolute terms, the steepest decline in educational premia between the 1945-54 and the 1965-74 cohorts is in the group of workers with university education. For men, the premium falls from 115 percent to 80 percent between these cohorts, while the decline for women is from 100 percent to 60 percent. In relative terms, we also find a marked decline in the premium for apprenticeship. For both men and women, the premium halved between the 1945-54 and the 1965-74 cohorts. By contrast, there is a positive cohort effect for male graduates from polytechnics. The university premium for the oldest female cohort appears to be extremely high (about 250 per cent), which is clearly due to the very small number of older university-educated women in the sample. The relative decline in the apprenticeship premium is particularly visible if we calculate the implied rates of return on human capital investment ( where E j are the years typically spent in education in order to reach a certain educational level.
Conclusion
We have found evidence for a decline in the returns to education in West Germany for cohorts born after the Second World War. The decline appears to be much stronger and affects a larger number of cohorts for women than for men. It seems to have taken place at high as well as low educational levels. Our findings also appear to be reasonably robust against different specifications of the experience part of the equation. In particular, we have relaxed the assumption that the returns of education are independent of labour market experience, allowing for years of schooling and years of labour market experience and it square to interact. We also used sub-samples of workers observed at the same age to get rid of possible age or work experience effects in the cohort-specific returns to education.
A question which we have not tackled in this paper is how these cohort effects can be explained. It appears that there are several main candidates for an explanation. First, there was a strong increase in female labour force participation. Second, educational attainment increased over the post-war cohorts, and third, West Germany experienced a baby boom which peaked in the mid-1960s. The expansion of female labour supply is certainly the prime source of the gender differences found in our estimations, although shifts in the demand for specific qualifications probably have mattered, too. The increase in educational attainment which enhanced the supply of qualified relative to unskilled workers could also have led to a reduction in educational premia. However, this explanation does not sit well with the fact that the decline is not limited to higher education but is also visible in the apprenticeship premia. This suggests that the development of educational premia, insofar as they affect both men and women, may have more to do with demography.
An objection to this explanation could be that, if it were correct, we should observe an increase in educational premia for individuals born after 1968 because cohort size declined hugely after that year. According to our estimations, however, returns to education continued to shrink. We do not find this objection compelling because it is still too early for a precise estimate of the educational premium for these cohorts, many of its members not having entered the labour market by the time they were observed. However, the question of what caused the drop in educational premia clearly needs to be addressed more carefully in future research.
